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Objective: Fenestrated stent grafting has allowed the treatment of complex thoraco-abdominal aneurysm disease via a
totally endovascular approach, but the procedure can be technically challenging and time consuming. We investigated
whether this procedure may be enhanced by remotely steerable robotic endovascular catheters.
Methods: A four-vessel fenestrated stent graft partially deployed within a computed tomography (CT)-reconstructed
pulsatile thoraco-abdominal aneurysm silicon model was used. Fifteen operators were recruited to participate in the study
and divided into three groups, based on their endovascular experience: group A (n  4, 100–200 endovascular
procedures, group B (n 5, 200–300), and group C (n 6,>300). All operators were asked to cannulate the renal and
visceral vessels under fluoroscopic guidance, using conventional and robotic techniques. Quantitative (catheterization
times and wire/catheter tip movements) and qualitative metrics (procedure-specific-rating scale [IC3ST]), which grades
operators on catheter use, instrumentation, successful cannulation/catheterization, and overall performance were
compared.
Results: Median procedure time for cannulation of all four vessels was reduced using the robotic system (2.87 min,
interquartile range [IQR; 2.20-3.90] versus 17.24 min [11.90-19.80]; P< .001) for each individual operator, regardless
of the level of endovascular experience. The total number of wire/catheter movements taken to complete the task was also
significantly reduced (38, IQR [29-57] versus 454 [283-687]; P < .001). There were significant differences in time and
movement for cannulation of each individual vessel in the phantom. Robotic catheter operator radiation exposure was
negligible as the robotic workstation is remote and away from the radiation source. Overall performance scores
significantly improved using the robotic system, despite minimal operator exposure to this technology (IC3ST score
29/35, IQR [22.8-30.7] versus 19/35 [13-24.3]; P .002). Each group of operators demonstrated an improvement in
performance with robotic cannulation. For group A, median IC3ST score was 28/35, IQR (22-33) versus 15/35
(11-20); P  .04; for group B, 30/35 (27-31) versus 19/35 (18-24); P  .07; and for group C, 28.8/35 (28.5-29)
versus 22/35 (16-24); P  .06. For groups B and C, these differences did not reach statistical significance.
Conclusion: Robotic catheterization of target vessels during this procedure is feasible and minimizes radiation exposure
for the operator. Steerable robotic catheters with intuitive control may overcome some of the limitations of standard
catheter technology, enhance target vessel cannulation, reduce instrumentation, and improve overall performance scores.
(J Vasc Surg 2010;51:810-20.)Advances in stent-graft technology have allowed the
treatment of complex thoraco-abdominal aneurysm dis-
ease via a less invasive, totally endovascular approach.
Fenestrated and branched stent grafting of aneurysmal
juxta-renal and thoraco-abdominal aortic segments and
aneurysms that involve the supra-aortic vessels using
custom-made stent grafts is an appealing concept, given the
highmorbidity associated with this condition and especially
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810in patients unable to withstand the traditional surgical
approach due to significant co-morbidities. The procedure
is currently developing and gaining acceptance with en-
couraging short and intermediate-term results.1-3
Despite an accurate custom-made device design,
however, target vessel cannulation can be technically
challenging and time consuming, especially in the pres-
ence of complex anatomy including tortuous iliac arter-
ies and an angulated visceral aortic segment, with long
fluoroscopic exposure times as a result. Conventional
pre-shaped selective catheters have limited maneuver-
ability in the presence of severe angulation and iliac
tortuosity, and require a high degree of finesse by the
operator in order to safely position the catheter tip and
maintain stability at target sites during passage of stiff
wires and endovascular tools.
The purpose of this study was to investigate whether
this complex endovascular procedure can be enhanced
by a remotely-steerable robotic endovascular catheter
system, which may overcome some of the above difficul-
ties associated with the procedure. The study compared
robotic catheter and conventional catheters with respect
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target vessel cannulation within a pulsatile silicone phan-
tom model.
METHODS
Aneurysm model
A silicone-based, transparent, computed tomography
(CT)-reconstructed anthropomorphic phantom represent-
ing a thoraco-abdominal aneurysm was used (Elastrat Sàrl,
Geneva, Switzerland). The aorta was dilated throughout its
length (5.2 cm visceral segment diameter) with marked
aneurysmal dilatation of the infra-renal segment (8.1 cm
maximum diameter). This model was chosen as infra-renal
fixation would not be achievable due to lack of landing
zone proximally, necessitating repair with fenestrated stent
grafting of the visceral and supra-renal segment. The phan-
tom was filled with a blood-mimicking water-glycerol mix-
ture (60:40 by volume concentration) and circulated using
a pulsatile blood pump providing physiologically realistic
blood-flow waveforms.
A four-vessel fenestrated stent graft was constructed
from a standard thoracic graft (42 mm  10 mm;
Medtronic, Santa Rosa, Calif). The stent graft was initially
deployed over the visceral segment (52 mm in diameter) of
the transparent phantom; each fenestration point was
marked in a retrograde fashion from the corresponding
target vessel. The stent-graft was then removed and four
fenestrations reinforced with Prolene and radio-opaque
markers were constructed in the laboratory: three large (12
mm) fenestrations for the right renal, celiac, and superior
mesenteric arteries and one small (8 mm) fenestration for
the left renal artery. The endograft was subsequently rede-
ployed in fixed suspension via strings to simulate the partial
deployment of the Zenith platform (Fig 1). The strings
were adjusted to prevent misalignment prior to each pro-
cedure.
Operators
Fifteen operators (eight vascular surgeons, seven inter-
ventional radiologists) of varying endovascular experience
were recruited to participate in the study. They were di-
vided into three groups, based on their endovascular pro-
cedure experience. Four operators had performed 100 to
200 endovascular procedures and had some experience in
fenestrated stent grafting (5; Group A); five operators
had performed 200 to 300 endovascular procedures and
had moderate experience in fenestrated stent grafting (5-
15; Group B); whereas six operators had performed over
300 endovascular procedures and had good experience in
fenestrated stent grafting (15), carotid stenting, and
branch vessel cannulation (Group C).
Conventional catheters
A range of fifteen 4 Fr to 5 Fr shaped catheters and
appropriate wires commonly used in fenestrated stent graft-
ing were available to all operators.The robotic system
The Sensei System (Hansen Medical, Mountain View,
Calif) controls a guide catheter via a “master-slave” elec-
tromechanical mechanism by digitally translating the hand
motion of the operator. It allows visualization and position-
ing of the catheter tip at a desired point, while enabling the
operator to remain seated at a remote workstation. This
steerable catheter control system consists of three main
components.
The workstation. The workstation is located re-
motely and away from the radiation source. It consists of
the central computerized “master” input device, an Instinc-
tive Motion Controller (IMC), a 3D hand-operated joy-
stick, and screens that display imaging and force sensing
data (Fig 2). This allows for the guide catheter to replicate
the hand movement of the operator via the IMC joystick,
delivering control in three dimensions, with seven degrees
of freedom and visual force-sensing quantification as well as
haptic feedback. The main fluoroscopic control view also
displays a superimposed icon of the guide catheter with
vectors for planar orientation and navigation.
Remote catheter manipulator (RCM). The RCM is
located at the patients’ bedside and accepts the guide
catheter (Artisan). It receives catheter position commands
from the “master” input device at the workstation, as issued
by the IMC. RCM and catheter movements are controlled
via motors and tension wires that ultimately determine the
position of the catheter tip. The RCM also has the ability to
insert the entire Artisan forward and rotate it.
Steerable guide catheter (Artisan). The Artisan ro-
Fig 1. Fluoroscopic image of the pulsatile silicone phantom used
in the study. The four-vessel fenestrated stent graft fixed in suspen-
sion at the level of the visceral aortic segment (52 mm) is also
shown.botic catheter consists of a flexible, multidirectional inner
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unidirectional outer guide sheath (14 F outer diameter, 11
F inner diameter). The inner guide has four embedded pull
wires that deflect the catheter in a multidirectional fashion
through tension controlled by the main console. The outer
guide sheath provides stability and allows the entire system
to rotate. This catheter system creates a workspace defined
by a bend of up to 270° with 10 cm extension of the inner
guide.
Study protocol
Each operator was then asked to cannulate all four
vessels in the fenestrated stent-graft aneurysm model,
namely the renal arteries, celiac and superior mesenteric
(SMA) arteries, in an order determined by the operator,
under fluoroscopic guidance, using conventional and ro-
botic techniques. Operators were randomly assigned to
conventional or robotic techniques as the first procedure
undertaken. Passive intraprocedural support was provided
by an assistant and a radiographer. Appropriate endovascu-
lar tools and a range of conventional catheters were selected
when asked for, and C-arm orientation was changed when
requested.
The study protocol included a didactic teaching session
regarding the robotic system prior to use by each operator.
All operators were familiarized to the robotic system fol-
lowing a short but standardized training protocol, involv-
ing cannulation of the left subclavian artery in an aortic arch
pulsatile silicon phantom.
All procedures were performed in the angiography
suite and recorded for video assessment. For analysis, video
footage was blinded, with sound removed, and randomly
Fig 2. The robotic workstation with the Instinctive Motion Con-
troller (IMC) that remotely controls the robotic catheter.ordered, identified only by an internal coding system. Datafrom video footage were collected for quantitative and
qualitative metrics. Qualitative performance rating was car-
ried out by two blinded vascular specialists (C.R. and C.B.)
experienced in the use of rating scales.
DATA COLLECTION
Quantitative metrics
Total procedure times and times for inserting the cath-
eter into each target vessel from the time point the catheter
entered the distal end of the graft weremeasured inminutes
using a stopwatch. Vessel cannulation was considered sat-
isfactory when the catheter was seen in a stable position and
at least 3 cm into the target vessel. For those operators that
were unable to catheterize the vessel in this manner, the
final time to catheterization of the vessel with a wire distally
was recorded.
The absolute number of translational and rotational
movements at the wire/catheter tip was also counted in a
binary fashion, by two blinded independent observers.
Qualitative metrics
Performance evaluation was carried out using proce-
dure-specific scoring for vessel cannulation, on a five-point
scale: the Imperial College Complex Cannulation Scoring
Tool (IC3ST). The domains tested are specific to vessel
cannulation but also rate the procedure as a whole based on
the generic Objective Structured Assessment of Technical
Skills (OSATS) scale validated by theUniversity of Toronto
Centre for Research in Education.4,5 The IC3ST scale was
developed based on the established OSATS scale and pre-
viously validated and reliable procedure-specific scoring
systems used in endovascular skills6-9 and other medical
domains.10,11 The construct validity of the IC3ST scale has
also been tested in a carotid artery cannulation model,
demonstrating significant differences in IC3ST scores be-
tween operator groups of varying endovascular experience
(unpublished data).
The scale consists of seven domains with each attrib-
uted a score of 1 to 5, with 1 representing a poor perfor-
mance, 3 representing a competent performance, and 5
representing an excellent performance. Descriptive com-
ments for each technical domain are given at each of these
anchoring points. It grades operators on catheter use and
manipulation skills, instrumentation, embolization/dissec-
tion risk, successful vessel cannulation, and overall time,
motion, and flow of the procedure. The minimum score for
technical performance is 7, and 35 is the maximum attain-
able score. The marking sheet is shown in Fig 3.
Statistical analysis
Data were analyzed with the Statistical Package for the
Social Sciences version 16.0 (SPSS, Chicago, Ill) using
nonparametric tests. Differences between conventional and
robotic vessel cannulation were compared using the Wil-
coxon signed-rank test for related samples. Differences
between operator groups based on endovascular experience
using the IC3ST scoring scale (Groups A, B, and C) were
of th
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.05 was considered to be statistically significant.
Interobserver reliability for blinded assessors was eval-
uated by determining a value for Cronbach’s alpha. It is
suggested that for research purposes, a reliability coefficient
of 0.6 to 0.8 is sufficient, and for a high-stakes assessment,
this coefficient should be 0.8.
RESULTS
Overall procedure
For the whole procedure, median procedure time for
Fig 3. The Imperial College Complex Cannulation
performance is 7, and 35 is the maximum attainable s
appropriate catheter, the ability to recognize catheter
advantage, and the ability to shape and torque the select
the IC3ST scoring sheet. Embolization/dissection risk
catheter tip draggings along the vessel wall and manipula
especially in areas of embolic potential, such as the ostiacannulation of all four vessels was reduced using the roboticsystem (2.87 min interquartile range [IQR; 2.20-3.90]
versus 17.24 min [11.90-19.80]; P  .001; Fig 4, A).
Reductions in overall procedure time were observed for
each individual operator regardless of the level of endovas-
cular experience (Fig 4, B).
The total number of movements for the whole proce-
dure was also significantly reduced (38 IQR [29-57] versus
454 [283-687]; P  .001; Fig 5, A). Again, reductions in
overall procedure number of movements were observed for
each individual operator (Fig 5, B), regardless of the level of
endovascular experience, with a high degree of interob-
g Tool (IC3ST). The minimum score for technical
Operators were assessed on their ability to choose an
itability, use of their chosen catheter to its maximum
heter with fine and controlled movements, as shown on
assessed when looking at excessive force and multiple
of the guiding catheter without support of a guide wire,
e target vessels.Scorin
core.
unsu
ed cat
was
tionserver reliability (Cronbach’s  between 0.94).
JOURNAL OF VASCULAR SURGERY
April 2010814 Riga et alIndividual target vessel cannulation times
The median times for catheterization of target vessels
were 0.36min IQR(0.20-0.60) for the left renal artery (Fig 6)
with robotic cannulation versus 7.13 min (2.50-8.00) us-
ing conventional catheters, 0.79 min (0.70-1.00) versus
2.76min (1.90-3.90) for the right renal artery (Fig 7), 1.00
min (0.70-1.30) versus 2.26 min (1.30-3.30) for the celiac
artery, and 0.44 min (0.30-0.80) versus 2.06 min (0.98-
6.40) for the superior mesenteric artery (SMA; Fig 8). All
differences between conventional and robotic techniques
were significant (P  .001; Fig 9).
Individual target vessel movements
We observed a reduction in the median number of
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Fig 4. A, Bar chart representing whole procedure time
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side of the plot area.movements at the wire/catheter tip taken to completeindividual target vessel cannulation using the robotic cath-
eter: 5 IQR (3.5-8.5) versus 155 (57-292) for the left renal,
10 (7-18) versus 84 (47.5-152) for the right renal artery,
14 (6.5-21.5) versus 62 (35-100) for the celiac artery, and
8 (7-14) versus 47 (36-134.5) for the SMA. All differences
between conventional and robotic techniques were signif-
icant (P  .001, Cronbach’s  0.94; Fig 10).
Operator performance
Overall performance scores were significantly improved
using the robotic system, despite minimal operator expo-
sure to this technology (IC3ST score 29/35 IQR [22.8-
30.7] versus 19/35 [13-24.3]; P  .002, Cronbach’s 
0.85). IC3ST scores ranged from 8 to 29 (maximum, 35)
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(Fig 11). Using the robotic system, the IC3ST scores
ranged from 19 to 34, with 14 (93%) of the 15 operators
achieving competency, of which 10 (71%) demonstrated
performance of a very high standard.
In this model, there were significant differences in
performance with conventional vessel cannulation tech-
niques between operator groups A (100–200 endovascular
procedures with some experience in fenestrated stent graft-
ing, n 4) and C (over 300 endovascular procedures with
good experience in fenestrated stent grafting, carotid stent-
ing, and branch vessel cannulation, n 6) using the IC3ST
rating scale (IC3ST score 15 vs 22.3, respectively, P .04;
Kruskal-Wallis test). There were no differences between
groups using robotic techniques demonstrating good con-
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experience demonstrated an improvement in performance
with robotic cannulation. For group A, median IC3ST
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.04; for group B (200-300 endovascular procedures with
moderate experience in fenestrated stent grafting, n  5),
median IC3ST score was 30/35 (27-31) versus 19/35
(18-24); P  .07; and for group C, median IC3ST score
was 28.8/35 (28.5-29) versus 22/35 (16-24); P  .06
(Fig 12). For groups B and C, these differences did not
reach statistical significance using non-parametric test anal-
ysis for related samples (Wilcoxon signed-rank test). One
operator in Group B scored 23/35 with robotic cannula-
tion and 29/35 with conventional catheters, and one op-
erator in the experienced group C showed no change in
 movements
tion Method
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other operators improved their score using the robotic
technique.
DISCUSSION
As endovascular procedures for the treatment of aortic
disease develop and increase in complexity, there is a need
to improve technical success, reduce procedure times, and
minimize fluoroscopic exposure. Fenestrated and branched
stent grafts were designed to extend the proximal sealing
Fig 6. Robotic cannulation of the left renal artery.
Fig 7. Robotic cannulation of the right renal artery.zone from the infrarenal segment to the suprarenal andthoraco-abdominal aorta by incorporating the visceral
branches. In recent years, there have been tremendous
advancements in the development and technology of these
devices, with results that compare favorably with those of
open surgery.1
Successful results, however, require careful patient se-
lection, appropriate custom-made device design, and tech-
nical expertise with endovascular grafting, as well as visceral
vessel cannulation and stenting. The implantation proce-
dure can be technically challenging even for experienced
operators, especially in the presence of difficult anatomy.
Iliac tortuosity can cause significant problems with catheter
control and manipulation, while the presence of thrombus
and calcification may lead to embolization or dissection
with prolonged attempts at target vessel cannulation. Graft
rotation and misalignment of fenestrations with vessel os-
tia, due to angulation of the more proximal aortic segment,
may further prevent easy and safe target vessel cannulation.
Long fluoroscopic times and radiation exposure to both
patients and operators also remain concerns.
The success of tackling these adverse effects are largely
dependent upon the skill and expertise of the operator
using manually controlled conventional endovascular cath-
eters that may be limited in their manoeuvrability and
torqueability. Remotely steerable robotic endovascular
catheters, in conjunction with navigation systems, have
been used successfully for cardiac mapping and ablation
procedures, demonstrating safety, efficacy (with evidence
that the accuracy of ablation catheter positioning is signif-
icantly improved), and comparable endpoints to conven-
tional techniques.12-14 In endovascular therapy, this tech-
nology may minimize some of these challenges by reducing
the manual skill required and improving precision and
stability while potentially reducing the operator’s learning
Fig 8. Robotic cannulation of the superior mesenteric artery.curves.
catheters. The error bars represent the interquartile ranges (W
conventional versus robotic catheters. The error bars represent the i
represented as a marker on either side of the plot area.
JOURNAL OF VASCULAR SURGERY
Volume 51, Number 4 Riga et al 817In our study, robotic cannulation in this pulsatile aneu-
rysm model was significantly faster than standard cannula-
tion using conventional endovascular catheters for all target
vessels. The number of movements at the catheter tip
required to complete each task was also significantly re-
duced. This is likely a result of a greater range of motion
with the robotic catheter and increased three-dimensional
control of the catheter tip with seven degrees of freedom.
With conventional catheters, the operator needs to make a
series of movements that require adjusting the amount of
manual torque and translational movements in order to
reach a given target. Some advocate, during fenestrated
endografting, the superior mesentery and celiac arteries are
more easily catheterized via a brachial approach. In this
study, the femoral approach was used successfully in all
el cannulation times with conventional versus robotic
ilcoxon signed rank test).
er tipmovements for individual target vessel cannulationwith
nterquartile ranges (Wilcoxon signed rank test).Fig 9. Bar chart representing median individual target vessFig 10. Bar chart representing themedian number ofwire/cathet0
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Fig 11. Line chart representing individual operator performance
scores on the IC3ST scale with conventional and robotic cannula-
tion techniques (Wilcoxon signed rank test). Each operator iscatheterizations. Clearly, the current size of the robotic
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ever, the improved maneuverability and stability of the device
may allow cannulation of visceral vessels through femoral
access. Another potential benefit that is not directly studied
here is the improved precision and stability for stiff guidewire
positioning and potentially the subsequent passage of side-
branch stents required in fenestrated stent grafting;15 further
studies are currently underway. This technology may also
provide a stable platform for antegrade in-situ fenestration, as
we have previously demonstrated in a porcine model.15
A limitation of other robotic and remote catheter con-
trol systems is the lack of mechanical feedback that the
operator receives from manual catheter manipulation, and
hence the ability to assess the amount of force that is being
applied to the target tissues.16 With the Da Vinci robotic
system in laparoscopic surgery, the operator is able to assess
tissue deformation through direct visualization. One pos-
sible method of overcoming this in an endovascular setting
reliant on fluoroscopic views is Intellisense Fine Force
Technology incorporated within the Hansen robotic sys-
tem, which allows for visual and haptic feedback of the force
applied to the catheter tip, thereby improving the safety of
the device. Another limitation of the Hansen system is that
it requires access via a 14 Fr sheath. If a four-vessel fenes-
trated stent graft procedure was to be undertaken via the
femoral approach, four 7 Fr guide-sheaths would have to be
inserted via a single common femoral artery. At present,
simultaneous access to all four vessels can only be achieved by
placing stiff guidewires using the robotic catheter and then
subsequently placing guiding sheaths via the conventional
approach. Further development of the robotic system is
certainly mandated for optimal use in endovascular therapy.
Other factors such as operator and staff training, set-up
times, overall cost, and system maintenance should also be
taken into consideration. Set-up times in this study varied
from 5 minutes to 15 minutes on average for each proce-
dure. In the clinical setting, we have found that set-up times
Fig 12. Bar chart representing operator performance s
robotic techniques (Wilcoxon signed rank test).are approximately 15 minutes. This can be seen as a draw-back if one considers the set-up times for conventional
catheters to be negligible; however, the potential advantage
of faster target vessel cannulation and stability at sites of
interest while accommodating other endovascular cathe-
ters, stiff wires, and side-branch stents may reduce proce-
dure times as a whole, despite longer set-up times. The
adoption of this new technology would certainly be more
widespread if it can be shown to reduce procedure times,
without significant increase in cost. An analysis regarding
the cost-effectiveness of this system is beyond the remit of
this paper; cost can only be balanced out if this device is
shown to reduce procedure times and improve accuracy in
complex endovascular procedures such as fenestrated stent
grafting in large patient series within a clinical setting.
Overall IC3ST performance scores were significantly
improved using the robotic system, and the majority of
subjects demonstrated performance of a high standard,
despite minimal exposure to this novel technology, dem-
onstrating ease of use and its intuitive nature. Subgroup
analysis revealed that, for the less experienced group A,
performance scores were significantly improved with ro-
botic cannulation. For groups B and C, these differences
did not reach statistical significance using non-parametric
test analysis for related samples (Wilcoxon signed-rank
test), and this is not surprising, as, with any new device,
there is a learning curve to its use. This may also be
attributed to the relatively small sample size of the three
groups. It is worth noting, however, that for highly expe-
rienced interventionalists (group C), IC3ST scores were
high for conventional cannulation, and similar scores were
attained using the robotic system even with short training
times. Experienced operators may attain even higher scores
with further training on the robotic system. The less expe-
rienced groups reached the same high standard as group C
operators using robotic technology, which may impact on
training and learning curves in the future.
One of the most obvious advantages of a remote-con-
between Groups A, B, and C using conventional andcorestrolled catheter system is the negligible fluoroscopy exposure
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room of the angiography suite and away from the radiation
source. Although this study does not allow for a direct repre-
sentation of the potential for this technology to reduce radia-
tion exposure to patients, one can foresee the effect on patient
exposure resulting from overall reduction in fluoroscopic
times. The Hansen system is also compatible with existing
non-fluoroscopicmapping systems such asCARTO(Biosense
Webster Inc, Diamond Bar, Calif) and NavX (St. Jude Medi-
cal, St. Paul, Minn). Enhanced integration of robotics with
3D navigation technology may further improve the accuracy
of catheter positioning andmanipulation that is of paramount
importance in fenestrated stent grafting. In addition, use of
this system may limit the fatigue associated with prolonged
complex endovascular procedures, as the operator can remain
seated at the remote workstation, and thus further enhance
operator performance.
Our study is limited by the use of an in vitro pulsatile
silicon phantom and does not totally reflect the challenges
of navigating within the human aorta in a clinical setting.
To explore this further, we have initiated a trial, approved
by our Institution and the Regional Ethics Committee, to
assess the feasibility of using this system in vivo and deter-
mine its safety and performance in clinical cases of fenes-
trated stent grafting.
CONCLUSION
Our results demonstrate that robotic catheterization of
target vessels during fenestrated stent grafting in a pulsatile
flowmodel is feasible with negligible radiation exposure for
the operator. Vessel cannulation times are reduced using
robotic technology with significant reduction in the num-
ber of movements compared with conventional cannula-
tion techniques. Steerable robotic catheters with intuitive
control may overcome some of the limitations of standard
catheter technology in the human vascular tree, enhance
target vessel cannulation, reduce instrumentation, and im-
prove overall performance scores. Further studies into the
use of this technology in a clinical setting will be important
in evaluating this system for use in complex endovascular
procedures such as fenestrated stent grafting and other
technically challenging procedures.
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Dr Mark Farber (Chapel Hill, NC). My one question really
deals with the sequence. Did you have the operator do the nonro-
botic portion first, followed by the robotic, or did you vary it?Dr Celia Riga. We wanted to eliminate the risk of the
operators getting used to the model or getting used to the system,
so all procedures were randomized by the researcher in charge of
the project.
JOURNAL OF VASCULAR SURGERY
April 2010820 OhkiDr Carlos Timaran (Dallas, Tex). This is an excellent study.
I think this is the future and we are going to have to adopt this type
of technology. I have two questions. First, catheterization of the
visceral renal vessels is just one part of the fenestrated EVAR
procedure. Equally important is to be able to advance the stiff
guidewires and guiding catheters or sheaths or the stents or the
stent grafts themselves. Does your system assist you to advance
the stiff guidewires or the guiding sheaths? You can catheterize the
vessel, but you may not get your stent or guidewire to advance.
The second issue is when you have a type II thoracoabdominal
aortic aneurysm, you are talking about branched EVAR. What you
showed us today looked more like an infrarenal AAA. Can you
comment on that?
Dr Riga. With regards to your first question, the CE marked
catheter that we are testing at the moment is a venous ablation
catheter; the outer sheath is 14 French in diameter and the inner
guide is 12 French in diameter. It is quite versatile in that you can
pass stiff wires and side-branch stents through its lumen. It is,
however, quite large to confidently cannulate a diseased, say, renal
artery in a clinical setting, so I think Hansen will need to work on
catheter development and produce smaller diameter catheters
based on the existing platform. There is always a risk that a smaller
diameter catheter may compromise the current stability of the
standard device but we will have to assess this with further in vitro
physician includes near or complete elimination of both radiationand in vivo studies. With regards to your second question, for the
purpose of this study, we used the visceral segment of a Type II
TAAA model. There is a larger aneurysmal dilatation of the infra-
renal portion. We placed the stent in fixed suspension to simulate
the partial deployment of the Cook platform in fenestrated stent
grafting. Essentially, we wanted to assess whether the operator can
get from A to B, through the fenestration, while bridging the gap
between the stent and the target vessel through a tortuous iliac
anatomy.
Dr Vikram Kashyap (Cleveland, Ohio). I congratulate you on
a beautiful study. The focus on your talk was on imaging. But when
talking about catheterization, the other part of it is the tactile
feedback. My question, is there a torque or a force limit on this
robotic system so you don’t overwhelm the arterial integrity at the
curves of these aortic junctures?
Dr Riga. Robotic systems have been criticized in the past for
the lack of feedback that the operator can get from manual cannu-
lation techniques. This particular system has a force sensor at the
tip, which gives you a visual presentation of the amount of force
that is applied against the tissue. There is a degree of tactile
feedback as well. But again, this has never been used in the arterial
system before, so to be able to accurately and confidently assess it,
we need to perform clinical studies in man.INVITED COMMENTARYTakao Ohki, MD, Tokyo, Japan
Despite the obvious benefit of a fenestrated/branched stent
graft (FSG) that enables minimally invasive therapy for thoracoab-
dominal aneurysm, its use has been limited for several reasons,
including absence of reimbursement and the technical difficulties.
The latter is apparent from our experience at Jikei University.
During the last 3 years, we have performed 610 endovascular
aneurysm repairs (EVAR) and 45 FSG procedures. The mean
operating time was two times longer for FSG, but the most notable
difference existed in the fluoroscopic time, which was 29 minutes
for EVAR and 130 minutes for FSG. We spent most of the
fluoroscopic time on cannulating the visceral arteries.
Riga and colleagues have shown a significant benefit of the
robotic endovascular catheter for FSG, at least in a bench model.
The robotic system was able to reduce the fluoroscopic time of
cannulating all four vessels by an impressive 83% and the number of
wire and catheter movements by 92%. Although not evaluated in
this study, the additional benefit of the robotic system for theexposure and physical stress secondary to standing (often in a
awkward posture) long hours wearing heavy lead aprons.
One limitation of this study is that only catheterization of the
visceral arteries was assessed, whereas in a real-world setting,
advancement and accurate deployment of side branch stents are
involved. In addition, due to the large crossing profile of the
current robotic catheter, it is not possible to intubate multiple
visceral arteries simultaneously with a guiding sheath.
As the authors pointed out in the Discussion, the cost of
installing the robotic system may become an issue. However,
because the well-being of both the patient (potential reduction in
complication rate) and the physician is priceless, if this robotic
system proves to be as beneficial in a clinical setting as it was in this
bench model, cost should not be an issue. I personally cannot wait
to use the robotic system, because my neck and back will not
tolerate too many more complex endovascular procedures, includ-
ing FSG procedures.
